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ABSTRACT 


A method of repairing bone defects by use of suspen- 
sions containing purified atclopcptide, reconstituted, 
fibrillar skin collagen or bone collagen powder or mix- 
tures thereof is disclosed. The suspensions provide ma- 
trices for conductive growth of bone into the defect. 
The skin collagen may also be lyophilized and used in 
the form of mats. 

10 Claims, No Drawings 
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METHODS OF BONE REPAIR USING COLLAGEN 

CROSS-REFERENCE TO RELATED 

APPLICATIONS 5 

This is a continuation-in-part of U.S. Scr. Nos. 
628,335, 628,404, 628,328 and 628,409 all filed July 6, 
1984 and now abandoned. 

TECHNICAL FIELD 10 

This invention relates to the field of bone repair in 
vertebrates, especially mammals and humans. More 
specifically, the invention relates to a method of repair- 
ing bone which utilizes a collagen-based implant mate- 
rial to facilitate repair by bone conduction. This colla- 15 
gen material is highly purified and non-immunogenic, 
and may, if desired, be xenogeneic. The collagen is a 
reconstituted material from skin or a bone derived mate- 
rial or mixture thereof. 

20 

BACKGROUND ART 

The problem of effecting repair of defective bones 
has plagued mankind for centuries. Until relatively re- 
cently, the only practical course was to immobilize 
broken bones and to rely on nature to effect regrowth of 25 
skeletal tissue into an injury. Only with the advent of 
the possibility of surgery has it been possible to utilize 
implanted bone substitutes, not only to replace injured 
or diseased bone structures, but also to repair congenital 
or degenerative defects in the skeletal structure. 30 

A wide range of materials have since been utilized, 
and elaborate designs have been disclosed for replace- 
ments of entire portions of bones, for example hip joints 
(U.S. Pat No. 3,820,167) and teeth (U.S. Pat. No. 
4,186,486). Materials employed have included metals 35 
such as titanium (EPO Publication No. 0071242, pub- 
lished Feb. 9, 1983; U.S. Pat No. 3,918,100), ceramics 
such as aluminum oxide (U.S. Pat. No. 3,919,723), 
shaped and treated bone (U.S. Pat No, 3,318,774), and 
various bone preparations such as, for example, bone 40 
dust compacted into flexible mats (U.S. Pat. No. 
2,621,145). 

It has long been understood that skeletal structures 
have inorganic and organic components. The mineral 
component which, presumably, accounts for the 45 
strength and rigidity of bone structure is predominantly 
a form of calcium phosphate, bydroxyapatite. The or- 
ganic component is chiefly composed of a single type of 
protein, collagen, which serves to impart a measure of 
resilience thus preventing the structures from being 50 
unduly brittle. As skeletal tissue is alive, of course, addi- 
tional metabolically active organic components must be 
included in the structure, and it is these bone cells and 
their active metabolites which are responsible for the 
naturally occurring healing and maintenance processes. 55 

However, since the major components of bone from 
a quantitative standpoint are collagen and ceramic, 
various reconstituted implant preparations involving 
mixtures of similar or different ceramic materials and 
various types of collagen preparations have also been 60 
employed. For example, see U.S. Pat No. 3,443,261, 
Hayashi, K,, et al, Arc Orthop Traumat Surg (1982) 99: 
265; and U.S. Pat. No. 4,314,380). 

It has been determined that bone tissue repair occurs 
by one of two alternative mechanisms, or a combination 65 
of both. In conductive repair, cells which ere already 
committed to their character as bone cells (osteo- 
progenitor cells) move into the space of the defect from 
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adjacent bone, and form bone directly. No special fac- 
tors (other than non-specific nutrients) are required. In 
induction, however, this process is preceded by conver- 
sion of previously uncommitted multipotential cells into 
osteoprogenitor cells which first form cartilage that 
calcifies and degenerates and is replaced by bone. In 
order to acquire the capacity to do this, specific protein 
factors are required. The nature of these factors is not at 
present understood. For either conductive or inductive 
repair, it is required that the living tissue of the host 
provides the ultimate skeletal structure. Thus the im- 
plant which mediates these processes serves not as a 
substitute for the defective or removed bone, but rather 
as a matrix support for active replacement of the miss- 
ing tissue. 

Accordingly, attempts have been made to devise 
implants for defective skeletal tissue or lesions in bones 
and teeth which are intended precisely for this purpose. 
These implants do not attempt to mimic the composi- 
tion of the missing bone, but rather to serve as a struc- 
tural support and a guiding matrix for encroaching bone 
deposits derived ultimately from the adjacent fresh 
bone. These supports may provide only matrix support 
functions, i.e., mediate conductive repair, or may, in 
addition, include factors which stimulate the differentia- 
tion of uncommitted cells to osteoprogenitor cells by 
providing what are currently known as "osteogenesis 
factors" (OF) or "bone morphogenic proteins" (BMP). 
Because collagen is already a familiar material to the 
metabolically viable cells associated with bone growth, 
attempts have been made to use implants which are 
composed predominantly of collagen for both inductive 
and conductive bone repair. 

For implants useful in inductive repair, U.S. Pat. No. 
4,294,753 discloses a process for preparing a bone mor- 
phogenic protein. A purification procedure for an OF 
which is probably not identical to the BMP of the fore- 
going patent is disclosed in U.S. Pat. No. 4,434,094 
issued Feb. 28, 1984. These factors reside naturally in 
bone, and preparations of demineralized bone particles, 
which are used in construction of implants, presumably 
release this factor in operable form. Both purified and 
unpurified forms of these factors have been used in 
various implants. 

Other workers have disclosed the results of attempts 
to utilize collagen preparations alone as a matrix for 
conductive bone repair activities, i.e., preparations 
which do not contain factors for maturation of progeni- 
tor cells into osteogenic cells, and thus mediate conduc- 
tive repair. 

Krekeler, V. G., et al, J Oral Surg (1981) 10: Suppl. 1: 
151 compared the utility of autologous spongiosa, a 
preparation of collagen (Collagenfleece (g), Pentap- 
harm) and binding gelatin as fillings for peridontal de- 
fects in beagles. The preparations were simply packed 
into the bony cavities artificially created, and the heal- 
ing processes followed by polychrome sequential label- 
ing. Collagenfleece ® was found to mediate the heal- 
ing, but was less effective than the autologous spongiosa 
transplants. 

The Collagenfleece ® used in the preceding prepara- 
tion is derived according to a procedure disclosed in 
U.S. Pat. No. 4,066,083 from pigskin. The skin is finely 
divided, degreased using detergent washed, and di- 
gested with pepsin to give a viscous suspension, and the 
collagen precipitated by addition of saturated salt solu- 
tion. The precipitate is suspended in acid, reprecipitated 
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as a fibrous white precipitate in salt solution, washed as two sources, bone and skin. The bone derived collagen 
many times as desired, and desalted by washing with is prepared from demineralized bone (DMB), and con- 
alcohol. The purified collagen is suspended in acid solu- sists essentially of Type I collagen having the telopep- 
tion and freeze dried. It is sterilized by y-irradiation, tides effectively removed. It is obtained by treating 
which may degrade or cross link the preparation. This 5 DMB with a non-collagcnasc protease, such as trypsin, 
preparation is available commercially under the name which both destroys factors mediating inductive repair 
Collagenfleece® and has been used in a number of and removes the telopeptides. The resultant material is 
other bone repair studies. obtained in powder form and can be designated bone 

Joos, U., et al, Biomaterials (1980) 1: 23-26, utilized collagen powder (BCP). The skin derived collagen is 

Collagenfleece® as an implant in artificially damaged 10 chiefly Type I collagen which includes a small amount 

rabbit mandibles and found that after 2 weeks, the de- of Type III and is typically obtained from calf skin. This 

fects were filled with cancellous bone particles and type of collagen is commercially available under the 

showed complete ossification after 4 weeks. Zetzmann, trademark Zyderm <£E) collagen implant (ZCI). The 

D., et al, Schweiz Mschr Sabnhelik (1982) 92: 119 also collagen preparation typified by ZCI is a reconstituted 

achieved bone regeneration in facial surgery upon use 15 fibrillar form of atelopeptide collagen. In addition, the 

of Collagenfleece ® as an implant. Springorum, H. W. f s kin derived collagen preparation can be lyophilized 

et al, Z Orthop (1977) 115: 686 obtained similar results before being used in the implant, 

using Collagenfleece <g) in a cortical layer defect By varying the ratio of BCP to ZCI in a mixture of 

JafFee, A., et al, Archs Oral Biol (1978) 23: 415; ibid. these peptides, the physical properties of the repair 

(1982) 27: 999 reported successful anchoring of acrylic 20 material can be adjusted to conform to the particular 

tooth implants in dogs using collagen solutions which demands of the environment of the defect 

were prepared from dog skin by extraction with acetic Thus in one aspect, the invention relates to a method 

acid and trichloroacetic acid/ethanol purification. The 0 f repairing bone defects which method comprises 

successful anchoring of the implants was intact after a ( a ) exposing fresh bone surface bearing living osteo- 

year. 25 progenitor cells to the defect; 

Cucin, R. L., et al, New York State Journal of Medicine (b) placing into the defect and into contact with fresh 

(1979) 1856 used atelopeptide collagen from calf skin, bone surface a preparation of collagen. The colla- 

which had been gamma irradiated, for rib repair in g en preparation is either purified reconstituted 

rabbits and, when supported by gelatin sponge material atelopeptide fibrillar skin collagen or bone collagen 

or with autologous bone dust, to repair skull holes in 30 powder (as defined below) or a mixture thereof, 

dogs. The purified reconstituted fibrillar collagen may be in 

A preparation of collagen, presumably still contain- lyophilized form. This lyophilized preparation (lyophi- 

ing the teleopeptides, and cross-linked by gamma irradi- co uag e n gel or LCG) has favorable handling 

ation was employed in filling tooth pulp cavities and as properties and can be formed by rolling or casting the 

an under the skin "bone replacement" implant as dis- 35 or iginal gel preparation into sheets which are then ly- 

closed in, respectively, EPO Publication No. 0012443 ophilized and can be easily manipulated into implants, 

published June 25, 1980 and EPO publication No. j^e skin derived collagen is typically obtained from 

0012959, published July 9, 1980. skin in a process wherein it has been dissociated into 

None of the foregoing collagen repair procedures are so iubilized form, sterilized by filtration, and then recon- 

completely. successful. Either inflammation occurs, par- 40 stituted mt0 fibrillar form after removal of the telopep- 

ticularly where xenogeneic collagen is used, or healing tides A typica i preparation has been described as useful 

is unsatisfactory. The present invention provides an for soft tissue repairf ^ ^ commercially available for 

implantable collagen preparation which is capable of ^ purpose under the trademark Zyderm® collagen 

conducting the ingrowing bone repair tissue from dedi- jnpbnt (ZCI). Methods to prepare it are extensively 

cated bone cells into the defect whose repair is desired. 45 describcd ^ us> Pat Na 3,949,073. 

Because xenogeneic collagen can be used, large ^ coilagen pow der is derived from deminer- 

amounts are obtainable and the method can be widely Sjih£d bQne ( DMB) consists essentially of Type I 

applied. In addition, the invention provides bone repair coUagen having ^ telopeptides removed. It is obtained 

compositions which offer great versatility in being b treating DMB with trypsin, which destroys both 

adaptable to a wide range of stress-beanng require- 50 fftctQrs responfiible for osteogenesis and the telopep- 

ments - tides. The resulting bone collagen powder (BCP) has 

DISCLOSURE OF THE INVENTION the above-mentioned desired properties, as well as the 

„, . , . - _ * capability to withstand stress and to provide weight- 

The present invention provides a method of repairmg ^ for ^ defect 

bone defects or reconstructing the skeletal matrix of a 55 fe Qther ^ mvemion relates to the c0 Hagen 

mammal, in particular a human, by unplantmg in the preparations usefu i m lh is invention and to their meth- 

defect purified, non-immunogemc collagen which is *V r f nrenarfltioil 

derived, if desired, from a species other than that being 005 Ql V^P***™ 11 - 

repaired. Thus, the invention , provides a method for. MODES OF CARRYING OUT THE INVENTION 

mediating the subject organism's natural mechanisms 60 A Definitions 
for bone defect repair by using a collagen preparation of 

general applicability which is highly purified, and As used herein, "conductive" repair of bone defects 

which is successful in providing a matrix for new bone refers to a process for replacing lost bone or for grow- 

growth. inS desired new bone, which involves the metabolism of 

In the method of the invention, fresh bone containing 65 previously committed osteoprogenitor cells. These cells 
living osteoprogenitor cells is exposed to a bone defect are capable of producing cartilage and/or bone without 
and placed into contact with a preparation of collagen induction by protein factors generally known as osteo- 
which is a composition derived from either or both of genie or morphogenic. The process includes mecha- 
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nisms whereby osteogenesis is directly effected by the 
committed cells, but not those wherein there is a re- 
quirement for externally and deliberately added protein 
factors to produce committed cells. 

It is realized that conversion of undifferentiated cells 5 
to osteoprogenitor cells may still be effected by indige- 
nous proteins. However, as herein defined, "conduc- 
tive" bone repair is mediated by external supply only of 
supporting matrix, and does not provide an external 
source of living tissue or of non-indigenous osteogenesis 10 
factor. 

"Bone defect" refers to a space in the skeletal system 
in which it is desired that bony tissue be deposited, 
whether the space is created by injury to the subject, or 
by a malformation or degeneration of the subject's skel- 15 
etal system. Such defects may be the result of simple 
bone breakage, decay of bone tissue because of disease, 
surgical removal of diseased bone tissue or of unwanted 
malformations, or of reconstructive or cosmetic sur- 
gery. 20 

"Fresh bone" refers to bone in the skeletal system of 
the subject organism which is in healthy condition and 
which is treated, such as by cutting, to expose living 
tissue. It is found that in the method of the invention, 
contact is required of fresh bone with the collagen im- 25 
plant which provides a matrix in the defect area in order 
to provide the viable cells for regeneration of bone 
within the defect and to utilize the collagen matrix 
provided. 

"Preparation of collagen" refers to a composition 30 
which contains as its major component some form of 
collagen protein. 

"Xenogeneic" refers to a species which is different 
from that of the subject being treated. 

"Free from impurities" or "purified" refers to those 35 
impurities which are normally associated with the colla- 
gen or other preparation in its natural state. Thus, colla- 
gen prepared from calf skin is free from impurities when 
substantially all other components of calfskin have been 
substantially removed; that from bone, when substan- 40 
tially all other components of bone are eliminated. 

"Reconstituted" collagen refers to collagen which 
has been disassembled into individual triple helxcial 
molecules with or without their telopeptide extensions 
and brought into solution, and then regrouped into 45 
"fibrillar" form. In this form, the fibrils consist of long, 
thin collagen molecules staggered relative to one an- 
other by multiples of about i of their length. This results 
in a banded structure which can be further aggregated 
into fibers. 50 

"Substantially free of cross-linking 3 ' refers to colla- 
gen which has undergone removal of the telopeptides, 
so as to result in a preparation lacking the native capac- 
ity for cross-link formation. Since the reactive groups 
responsible for native cross-linking reside in these telo- SS 
peptide portions, there is substantially no capacity to 
cross-link using the indigenous chemistry remaining. 
Such preparations, therefore, remain substantially 
cross-link free if not deliberately cross-linked using 
reagents which generate cross-links using other mecha- 60 
nisms such as by treating with glutaraldehyde, or sub- 
jecting the molecules to treatment imposing a spurious 
form of such linkage. For example, treatments often 
used for sterilizing purposes, such as high temperature 
and 7-irradiation have the effect of causing the forma- 65 
tion of additional cross-links between helices. In the 
preparation used iu the invention, the skin-derived col- 
lagen is sterilized by microfiltration while still in solu- 


tion and handled under sterile conditions thereafter, 
thus avoiding the result of unwanted cross-link forma- 
tion. 

"Bone collagen powder" (BCP) refers to a purified 
atelopeptide preparation of collagen derived from de- 
mineralized bone. This preparation consists essentially 
of collagen per se, and does not contain metabolically 
active proteins. As it originates in bone, it is composed 
of Type I collagen, and its molecular architecture mim- 
ics the native 3-dimensional structure found in bone. 

B. Detailed Description 
B.l Applications 

The bone defects to which the invention applies in- 
clude any cavity in osseous tissue whose filling is re- 
quired in order to integrate the skeletal system. Medical 
or veterinary procedures of bone defect repair which 
are appropriate as vehicles for the use of the method of 
the invention include reconstructive surgery, removal 
of diseased osseous tissue and replacement with overlay 
or prosthesis, tightening of teeth, replacement of teeth, 
repair of traumatic injury, and the like. Precise means 
for applying the collagen preparations of the invention 
is dependent on the nature of the bone defect and the 
procedure selected to counteract it, as will be under- 
stood by those skilled in the art. However, in general, 
the compositions of the invention can be made into a 
paste or gel and molded into the defect by surgically 
packing the paste into the defect. The collagen prepara- 
tion may also be injected into the defect when mixed so 
as to form a thinner suspension. In all cases, however, 
the defect to be treated must first be cleansed in such a 
way so as to expose fresh bone surface so that living 
bone cells are placed in communication with the defect. 
The fresh bone surface is required in order to provide a 
source of osteoprogenitor cells needed to synthesize the 
permanent bone structure. 

B.2 Collagen Preparations 

Native collagen consists in large part of a triple heli- 
cal structure containing repeating triplet sequences 
composed of glycine linked to two additional amino 
acids, commonly proline and hydroxyproline; thus, 
glycine appears in every third position in the chain. In 
addition, all collagen chains contain regions at each end 
which do not have the triplet glycine sequence and are 
thus not helical. These regions are thought to be respon- 
sible for the immunogenicity associated with most col- 
lagen preparations. Immunogenicity can, in large part, 
be mitigated by removal of these regions to produce 
"atelopeptide" collagen. This can be accomplished by 
digestion with proteolytic enzymes such as trypsin, 
chymotrypsin, papain, or pepsin. Because of differing 
specificities of these proteases, the degree of complete- 
ness of removal of the telopeptides varies. Thus certain 
proteases, which effect the most complete removal, are 
preferred. Included among these is trypsin, which re- 
sults in removal of substantially all of the telopeptide 
portions. 

The non-helical telopeptide regions are also responsi- 
ble for forming the cross-links which aid in stability of 
the fibrillar structure. These regions contain aldehydes 
capable of cross-linkage to lysine residues. Atelopeptide 
collagen must be cross-linked artificially, if it is so de- 
sired. 

While all collagens share the foregoing characteris- 
tics, they have been subclassified into approximately ten 
types depending on the precise amino acid sequence in 
the individual chains of the triple helix, the car boh y- 
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drate content and the presence or absence of disulfide 
cross-linking. The most common subtypes are Type I 
which is present in skin, tendon, and bone, and which is 
made by fibroblasts, and Type III which is found pri- 
marily in skin. Other types reside in specialized mem- 
branes or cartilage or at cell surfaces. Types I and III 
contain similar numbers of amino acids in their helices; 
however, Type III (but not Type I) contains two adja- 
cent cysteines at the C-terminal ends of the triple helix 
which are capable of forming interchain cross-links. 

Type I collagen contains one a2(I) and two a 1(1) 
chains each of which contains 1014 amino acids in its 
triplet region; there are several carbohydrate moieties 
present on each chain. Type III collagen contains only 


scribed in further detail below, the LCG preparations of 
the invention may be prepared over a range of physical 
properties which are controlled by the pH, freezing 
rate, and concentration of the suspension during lyophi- 
5 lization. Whatever the properties desired, the LCG 
preparations of the invention are partially characterized 
in that they consist of atelopeptide reconstituted fibril- 
lar skin collagen substantially free of impurities. If the 
preparation has been sterilized by microfiltration and 
10 processed under sterile conditions thereafter, it is also 
substantially free from cross-linking. The added lyophi- 
lization process results in a mat which is of sufficient 
cohesiveness to allow it to be easily cut simply using 
scissors or sharp blade, into the appropriate shape for 


al(III) (3 chains) which contain 1026 residues in their 15 clinical application. Wetting the mat produces a putty- 
triplet regions. As stated above, the presence in Type like material which can be formed into any desired 
III of a pair of adjacent cysteine residues at the carboxy 
terminal end of the triplet region results in stability of 
the interchain cros9-links. Both collagens contain short 


shape and placed into the defect. 

Others have disclosed forms of lyophilized collagen 
for medical applications. These collagen preparations, 


hou-triplet ends (telopeptides). The reconstituted fibril- 20 however, differ from those of the present , invention as 


lar atelopeptide skin collagen used in this invention 
contains the atelopeptide forms of both Type I and 
Type III; the bone collagen powder consists of the 
atelopeptide form of. Type I exclusively. 

The Skin-Derived Collagen 

The atelopeptide reconstituted fibrillar skin collagen 
preparations useful in the compositions of this invention 
are typified by the purified calfskin-derived atelopep- 


do the applications. Battista, U.S. Pat. No. 3,471,598, 
discloses a lyophilized form of a preparation of an inter- 
mediate microcrystalline form of collagen, which is 
obtained by treatment of bovine skin with hydrochloric 
25 . acid to swell and separate the collagen fibers. The colla- 
gen is not purified nor are the telopeptides removed. 
The material so prepared is regarded as being suitable 
for water absorbent sponges; clearly, the impure nature 
and the immunogenicity of such preparations would 


tide collagen reconstituted fibrillar suspensions sold 30 make them relatively undesirable for direct medical use. 


commonly under the trademark ZYDERM (§> collagen 
implant (ZCI). 

This and other preparations of skin-derived purified 
atelopeptide, reconstituted fibrillar collagen are well 
known in art ZCI has been used extensively in soft 35 
tissue applications, including most prominently, the 
removal of wrinkles and depressed scars by injection of 
the preparation just under the skin. However, such 
preparations have not been used for bone repair except 


In addition, the acid used to prepare the intermediate 
form remains in the sponge. Kuntz, et al, U.S. Pat. No. 
3,368,911, disclose an alternate method of preparing 
absorbent collagen sponges so as to be devoid of the 
acid, which substitutes carbonic acid for the compara- 
tively non-volatile acids used in Battista. While the 
preparation is disclosed to employ substantially pure 
collagen fibrils, the telopeptides have not been re- 
moved. Miyata, U.S. Pat. No. 4,294,241, discloses ly- 


in conjunction with supporting materials which also 40 ophilized collagen sheets for skin dressing. These sheets 


contain OF and thus are directed to inductive bone 
repair. Such applications are disclosed in U.S. Ser. No. 
348,414, filed Feb. 12, 1982. 

As this collagen preparation is derived from calfskin, 
it contains mainly Type I collagen with approximately 45 
1-5% Type III. The atelopeptide collagen is sterilized 
while still , in solution by suitable filtration techniques 
and thus is not degraded or cross-linked. It is reconsti- 
tuted into fibrillar form and packaged under sterile 
conditions. Detailed instructions for the preparation of 50 
atelopeptide reconstituted fibrillar skin collagen are 
found in U.S. Pat No. 3,949,073 and U.S. Pat. No. 
4,440,750, both incorporated herein by reference. A 
number of alternatives as to minor parameters are per- 


are prepared from atelopeptide collagen reconstituted 
into fibrils; however, they differ from the LCG of the 
present invention in that they are artificially cross- 
linked. Ries, in U.S. Pat. No. 4,066,083, discloses the 
method of preparation of the commercially available 
product, Collagenfleece (K), for wound treatment. Luck 
and Daniels, U.S. Pat. No. 4,233,360, describe a lyophi- 
lized preparation which results in a foam rather than the 
mats of the present invention. 

In general, the LCG of the present invention is pre- 
pared from a purified reconstituted fibrillar atelopeptide 
collagen such as, for example, Zyderm <g) I collagen 
implant or Zyderm® II collagen. implant, both trade- 
marks for atelopeptide reconstituted collagen prepara- 


missible, but the process must involve solubilization is 55 tions prepared from bovine skin. Other sources of the 


acid solution, treatment with non-collagenase proteases 
to effect telopeptide removal, and reprecipitation under 
conditions which restore fibrillar structure. 

The Lyophilized Skin Collagen 

When the foregoing collagen material is lyophilized 
to form lyophilized collagen gel (LCG), it exhibits en- 
hanced ability to entrench itself in the implanted or 
filled cavity and to resist mobilization from the desired 


reconstituted purified skin collagen can be used, such 
as, for example, the skins of other mammals. In any 
event, however, the starting material must be prepared 
from these sources by processes which result in essen- 
60 tially pure collagen fibrils which are reconstituted from 
the solubUlzed form. In addition, the telopeptides must 
have been removed by suitable processes, such as, for 
example, trypsin digestion. Typically, such purified 
preparations are prepared by finely dividing the starting 


location due to its superior structural integrity. In addi- 65 material, treating it with enzymes and/or suitable con- 


tion, LCG matrices continue to exhibit the desirable and 
necessary property of supporting the healing and re- 
growth of bone tissue into the implanted area. As de- 


ditions of pH so as to destroy or extract non-collagen 
materials, treating the collagen with a digestive enzyme 
such as trypsin to remove the telopeptides, microfilter- 
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ing to sterilize, and reconstituting the collagen fibrils by 
appropriate adjustment of pH and salt concentration, 
Le., from acidic to neutral. Such preparations are 
known in the art, and indeed, the results thereof are 
commercially available. 

The use of reconstituted collagen to prepare the ly- 
ophilized form is significant also from the perspective of 
non-degradative sterilization processes. As the collagen 
is, at one point in its preparation, in solubilized form, 


10 


proteinaceous bone components may also be removed 
using suitable enzymes such as chondroitinase, hyalu- 
ronidase, and various nucleases if digestion is necessary 
to remove them. Of course, the use of collagenase is 
inappropriate. After treatment with the appropriate 
enzymes, the digestion products are removed by salt 
extraction and lipids by extraction in moderately polar 
solvents such as acetone, chloroform, or ether. The 
insoluble extracted material consists of purified atelo- 


sterilization can be conducted by microfiltration— an 10 peptide collagen in the form of BCP. It may be used 


entirely neutral process which causes no significant 
chemical or physical change in the structure. If further 
steps are then carried out under sterile conditions, so 
that no further sterilization is necessary, the resultant 


after sterilization by known methods such as gamma 
irradiation or heat. The cross-linking of this type of 
collagen is often desirable since any residual antigenic 
effects of any telopeptide portions remaining after tryp- 


product is neither degraded or cross-linked as would be IS sin treatment are thus mitigated. 


the case if more harsh sterilization methods, such as heat 
or 7-irradiation were used. 

In preparing the LCO of the invention a suspension 
of suitable collagen is brought to a concentration of 
approximately 20-100 mg/ml and cast into molds or 20 
extruded into sheets. These forms are then frozen at 
about —10* C. to —50* C. and lyophilized at approxi- 
mately 10-100 millitorr with a condenser temperature 
at about —4-5* C. to —55* C, and the shelf temperature 


The resulting BCP is novel. It consists essentially of 
Type I collagen which apparently retains the original 
molecular architecture of the bone collagen and is free 
of the telopeptides. 

The BCP is resuspended in physiological buffer for 
use in compacting into a properly prepared bone defect 

Mixtures 

If mixtures are used to form the implants or paste 


at approximately —30' C. Lyopbilization is carried out 23 repair material of the invention, these are obtained using 


suspensions of reconstituted fibrillar atelopeptide colla- 
gen, such as ZCI, and BCP in a range of proportions 
depending on the physical properties needed to handle 
the material and to cope with the degree of stress ex- 


for 1-7 days before increasing the shelf temperature to 
approximately 15' C -25' C. for about 24 hours before 
removing the LCG from the lyophilizer. 

Alternatively, a solubilized form of an atelopeptide 

purified collagen can be used directly. Such a solution is 30 pected to be imparted to the repaired region. Increased 

obtained by dissolving purified atelopeptide collagen in amounts of BCP permit additional weight-bearing and 

aqueous solution at about pH 2-3, optionally sterilizing stress-tolerating properties to be built into the composi- 

by microfiltration, and precipitating the reconstituted tion, whereas decreasing its proportion relative to ZCI 

form by bringing the pH to approximately neutrality results in greater flexibility and ease of application, 

with, for example, phosphate buffer. The resulting pre- 35 Thus, the method of the invention offers greater versa- 

cipitated collagen is harvested by centrifugation, and a tility in adapting the nature of the repair to the subject 

pelleted collagen resuspended in neutral buffer and defect than do the methods known in the art. 
treated as set forth above. The range of applications is of course large as either 

An alternative method of lyopbilization which yields, component can be used alone. As the preferred mixture 

for some applications, superior results, is a modified 40 is dependent on the nature of the defect, a general, 

form of the foregoing procedure. The collagen suspen- single preferred range cannot be chosen. However, in 

sion is cast into sterile culture plates (e.g., 35 mm), and general, for weight-bearing defects, a preferred range is 

the resulting cast is smoothed, e.g., with a spatula. The from about 50% ZCI/50% BCP (by weight) to about 

casts are then frozen and held at approximately - 100" 10% ZCI/90% BCP (by weight); for peridontal or 

C to — 50* C, preferably around —80* C. for about one 45 superficial defects, a preferred range is from bout 90% 


hour prior to lyopbilization. Lyophilization is con- 
ducted at about 10-100 millitorr over approximately 24 
hours until dry to yield porous mats a few mm thick, 

Bone-Derived Collagen 

The bone collagen powder (BCP) used herein is de- 
rived from demineralized bone, and its collagen compo- 
nent is, accordingly, Type I collagen exclusively. This 
collagen preparation is a new material not identical in 
physical or chemical characteristics to previously pre- 
pared forms of collagen and is conveniently stored as a 
dried powder. In general, bone, for example, bovine, 
porcine, or other mammalian bone, preferably compact 
bone, is cleaned, frozen, pulverized and demineralized 
in hydrochloric acid, or other suitable acid, using stan- 
dard techniques. The residual organic matter is then 
separated and digested using proteolytic enzymes se- 
quentially or in combination. Neutral proteases, e.g., 
trypsin, which allow for the selective degradation of 


50 


55 


60 


ZCI/10% BCP to 50% ZCI/50% BCP (by weight). 
(All of the above ratios assume a 35 mg/ml suspension 
of ZCI, and the weights referred to are weights of the 
entire suspension.) 

C. EXAMPLES 

The following will illustrate but not limit the inven- 
tion. 

CI Preparation of ZCI 

Zyderm (r) collagen implant (available from Collagen 
Corporation, Palo Alto, CA) was used as the reconsti- 
tuted fibrillar atelopeptide skin collagen preparation. 
The reconstituted native type collagen fibrils were pro- 
vided at a concentration of about 35 mg/ml. The prepa- 
ration had been sterilized during processing by filtration 
and thus was not subjected to degradative procedures 
such as heat or irradiation. 
C.2 Preparation of LCG 

A. Pepsin-solubilized bovine hide collagen in aqueous 


non-collagenous proteins are preferred, as described by 65 solution at about pH 2-3 which was sterilized by mi- 


Oliver and Grant in British applications GB 15 65 340 A. 
Certain acid proteases such as pepsin cause partial di- 
gestion of the collagen, and are not preferred. Non- 


crofiltration was adjusted to pH 7.4 with phosphate 
buffer. The precipitated collagen was harvested by 
centrifugation and then suspended in phosphate buffer 
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TABLE 1 



Summary of BCP Samples 

ID 

Particle 

Dayi of 

Numbers 

SizeOun) 

Trypiinizstton 

2Z 

125-250 

0 

2A 

1 23-250 

1 

2B 

125-250 

4 

2C 

125-230 

10 

3Z 

250-425 

0 

3A 

250-425 

1 

3B 

250-425 

4 

3C 

250-425 

10 
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pH 7.4 to 35 mg/ml, thus generating a reconstituted 4 to 10 days, the BCP became an increasingly pure 
fibrillar atelopeptide skin collagen. The suspension was bovine Type 1 collagen with the telopeptides largely 
cast into sheet form, and the sheets were frozen at -25* unavailable. There was no residual trypsin. Electron 
C and then lyophilized at 25 millitorr with the con- microscopy showed collagen fibrils with the character- 
denser temperature at - 50* C. The lyophilized sheets 5 istic band pattern and organization of bovine bone. The 
were then stored at —30" C for 5 days before the tern- amino acid composition showed chemically pure colla- 
perature was again raised to 20' C. for 24 hr immedi- gen. 

ately prior to use. The BCP*s so prepared were of the two particle sizes 

B. In an alternative (and preferred) method, approxi- ^ varying degrees of trypsin treatment as summarized 
mately 5 cc portions of ZYDERM <§) Collagen Implant 10 ^ Table j ^ samples 

were sterilized with y-irradia- 

were cast into sterile 35 mm tissue culture plates and 
smoothed with a spatula. The collagen gel was frozen 
and held at - 80* C. for approximately one hour. The 
frozen collagen gel was then lyophilized for approxi- 
mately 24 hours until dry, to yield porous white disks 35 15 
mm in diameter and 3 to 5 mm thick. 

C. 3 Preparation of BCP (Bovine) 
Bovine femurs were manually cleaned of adherent 

soft tissue, and the articular ends of the bone removed 
near the epiphyseal plate to yield primarily compact 20 
bone. The bone shafts were cooled with liquid nitrogen 
(LN2), split axially and the marrow removed. The com- 
pact bone pieces were crushed using a jaw crusher at 
LN2 temperatures into chips 5 mm or less in size. The 
bone chips were pulverized in a hammermiU, again 25 C 4 Preparatiorl of BCP md ZCI Mixture 
under LN 2 . . , . aotm -„ tn The bone collagen powders (BCP), designated 2C 

and 3Cin the paragraph above, were mixed in a 
aS^ S£S 55/45* byweight ratio, and the mixture was sterilized 

, « T T irt bv 1.5 mrad "y-irradiation. 

mV ^^X^r^ d in 0.5M HC1 Two batcn^ of BCP/ZCI mixtures were prepared 
(25:l/vol:weight of bone powder) for three hours at J^ ; th« rtodittd BCP mixture: A rnuture of 33% 
room temperature with the acid replaced with fresh BCP in ZCI was prepared by mixing 0.33 g BCP (dry) 
acid after 1* hours. At the end of the demineralization with 0.67 g of ZCI (as a 35 mg/ml suspension— i.e., 
step, the powder was washed three times with water to 35 approximately 0.67 gxO.035 g/ml of solid). A second 
remove acid soluble materials. The demoralized bone mixture was prepared by mixing 0.17 g BCP with 0.83 g 
powder was lyophilized preparatory to protease treat- of ZCI (35 mg/ml suspension). Each of these materials 
mca t. was mixed thoroughly and filled into li cc syringes for 

The bone powder was digested with trypsin (bone use in the procedures below, 
powder 50 mg/ml, trypsin 2 mg/ml in 0.1M Na2HP04 40 C.5 Repair of Bone Defect with ZCI : 
with 0.5 mg/ml NaNs, pH 7.8; i.e., trypsimbone pow- Forty-five rats between 6 and 8 weeks old were anes- 
der= 1:25). The enzyme digestion was carried on at 15* thetized, the scalp reflected and the cranial periosteum 
C over a 10-day period. The digestion supernatant was removed. Bilateral 3x7 mm full thickness defects were 
assayed for soluble protein by the biuret method to placed in the parietal bones of the cranium with a dental 
monitor the course of digestion. 45 \ JUTTt The injectable collagen gel as described in C. 1 was 

To remove trypsin digestion products, the bone pow- packed mto the defects with the aid of a small spatula 
der was allowed to settle, the superaate was decanted, ^ the scalp replaced an d sutured. The rate of healing 
and 4M Nad (lO.l/vohweight) was added to the solid. ^ defects wag monitored by X -ray and histol- 

The bone powder was stirred at room temperature for 1 at 2 , 4, 8, and 1 6 weeks post-implantation, 

hr at which time the powder was allowed to settle and .50 ^ 2 week$> of new ^ ceUs (osteo blasts) 

the supernatant was decanted. The 4M NaCl extraction &nd matrix ^ observed histologically within the . 
was repeated for a total of three tones u j B 4 weeka ncw ^ cd the entire 

To remove the sodium chloride, the bone ^powder * amajority of the cases and fusion between the 

r W ^ S ^r^ 0 in 01 W^n^nir^tS « cut edges ofthe defect and this new bone was beginning 
for injection (WFTj with 10 ^n stimng m an identical 55 ^ ^ g ^ ^ ^ ^ ^ between 

manneras described for the NaCl extracUon_ perceptable. Also, 

The bone powder was then extracted two times with uiu « « . . , . , 7 ^ c y , 

10 volumes of acetone to remove any lipids present. *ew hone was remodeled into ayers of compact bone 

Following the acetone extraction, the bone powder was wit! 1 well-defined marrow cavities typical of ■ pre-exi - 
washed ffve times with 10 volumes at WFI, vacuum 60 *S hone at the site of the defect X-ray of the skulls 

filtered and lyophilized to yield bone collagen powder &™ removal from the animals confirmed the presence 

(BCP) °^ ext ensive radio-opaque bone in the defects at 16 

The BCP samples were analyzed chemically for lipid, weeks. Animals with non-implanted bilateral parietal 

glycc*aminoglycan and amino acid composition, immu- defects failed to show significant healing during the 
nologically for residual trypsin, bovine red blood cells, 65 . 16-week observation period. In the latter cases, osteo- 

and bovine collagen telopeptides (the antigenic terminal genie activity was limited to a small area at the cut 

ends of collagen), and by electron microscopy for ultra- edges of the defects with the remainder of the defect 
structure. With increasing trypsin treatment, preferably being filled with loose connective tissue. 


09/20/2001, EAST Version: 1.02.0008 


4,789, 

13 

Thus reconstituted collagen fibers provide a novel 
and useful method of obtaining a matrix support for 
conductive bone growth. 
C.6 Repair of Cranial Defects Using LCG 
Rats approximately 8 weeks old were anesthesized, 3 
the scalp reflected and the cranial periosteum removed. 
Bilateral 3X7 mm full thickness defects were placed in 
the parietal bones of the cranium with a dental burr. 
The lyophilized collagen as prepared in C2.B was cut 
into strips slightly larger than the defects so as to effect 10 
a tight seal between the defect and the implant. Some of 
the strips were placed in the defects dry and allowed to 
hydrate in situ while others were prehydrated prior to 
implantation. After implantation, the scalp was reposi- 
tioned and sutured. The rate of healing within the de- 15 
fects was evaluated by histology at 2 and 4 weeks post- 
implantation. 

At 2 weeks, the implants were well infiltrated with 
connective tissue cells and blood vessels but new bone 
formation was very limited. While non-implanted de- 20 
fects of the type described in the previous paragraph did 
not heal and remained filled with soft tissue, die re- 
paired defect showed areas of new bone forming 
throughout the implant by 28 days. Early evidence of 2J 
fusion with pre-existing bone could be seen at the inter- 
face of the cut edges of the defect and the implant By 
56 days mature bone with well-defined marrow cavities 
were present throughout the defect. 

LCG is easily cut and manipulated to form inserts 30 
capable of supporting conductive bone growth. The 
lyophilized reconstituted collagen fiber mats which are 
obtained provide a convenient and suitable material for 
this purpose. 

C.7 Use of BCP in Bone Repair 35 

Rats, 6 week old, were anesthetized and 3x7 mm 
defects were created in the left and right parietal bones 
of the skull. Bone was removed to full thickness of the 
skull with a dental burr, and the BCP, as prepared 
above, and wet with sterile saline was packed into the 40 
defect. Control defects were left unfilled. BCP samples 
2B ( 3Z, 3A, 3B and 3C (Table 1) above were tested. 
Samples were taken and histology done at 2 and 4 
weeks after implantation. 

Samples 3Z (no trypsin digestion) and 3A (1 day 43 
trypsin) showed inflammation with evidence of an anti- 
genic component. Samples 2B, 3B and 3C at 2 weeks 
showed a multinucleate cell response, digestion of the 
BCP with a concomitant osteoblast response, and the 
deposition of new compact bone. At 4 weeks bone for- so 
mation was extensive throughout the implant with evi- 
dence of fusion of new and old bone. Control defects 
showed only slight bone growth at the cut edges. 

The sera of rats receiving BCP sample 3Z contained 
circulating antibodies to the BCP. The other BCP sam- 55 
pies tested did not elicit an antibody response. 

These results are summarized in Table 2. 

TABLE 2 


Histology and Serology in 
the Rat Parietal Model at 28 Days 


BCP 

Bone 

Multinucleate 

Macrophage) & 

Circulating 

Sample 

Formation 

Cellt 

Lymphocytes 

Antibodies 

3Z 

+ 

+ + 

+ 

+ 

3A 

+ 

+ 

+ 


3B 

+ + 

+ 



3C 

+ + 

+ 



2B 


+ 
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C.8 Peritoneal Lavage Assay for Immunogenic Re- . 
sponse of BCP 

BCP samples 2Z, 2A, 2B and 3B, 30 mg suspended in 
7 ml phosphate buffered saline (PBS), were injected 
intraperitoneally into rats. At 1, 3, 14 and 27 days the 
peritoneum was lavaged with 100 ml PBS and a differ- 
ential and total cell count was performed as a quantita- 
tive measure of inflammation. The BCP implant was 
examined histologically and sera were taken for mea- 
surement of circulating antibodies. 

All samples showed a transient neutrophil response at 
1 day, probaly related to the particulate nature of the 
material. At 3, 14 and 28 days, the responding cells were 
predominantly macrophages with extensive digestion of 
the BCP .evident at 28 days by histology of the implant. 
Very few immunocompetent cells (lymphocytes) were 
present at any time. Serology showed rats receiving 2Z 
developed significant antibody titers against the BCP. 
Rats receiving 2A, 2B, 2C, or 3B did not develop an 
antibody response. 

BCP provides a novel matrix material derived from 
bone useful in effecting bone repair by a conductive 
mechanism. A suspension of the bone collagen powder 
(BCP) can be shaped into bone defects and provides a 
stress-bearing replacement for lost bone and which 
supports new bone growth. 

C.9 Use of the BCP/ZCI Mixture in Bone Repair 

Twenty-four rats, 6 and 8 weeks old, were anesthe- 
tized, and 3x7 mm defects were created in the left and 
right parietal bones of the skull. Bone was removed to 
full thickness of the skull with a dental burr, and the two 
lots of the BCP/ZCI mixtures, as prepared above, were 
packed into the defects. Control defects were filled with 
BCP alone, ZCI alone, or left unfilled. Samples were 
taken and histology done at 2 and 4 weeks after implan- 
tation. 

Early bone formation occurred in the defects filled 
with BCP/ZCI mixtures at 2 weeks post-implantation. 
However, the mixtures were not always uniform so that 
the pattern of bone formation varied depending on the 
predominant type of collagenous implant present (i.e., 
BCP or ZCI) in a given region of the defect. 

By 4 weeks bone formation was extensive in the ZCI 
component of the mixture and BCP particles were 
being incorporated into centers of new osteogenic ac- 
tivity. This, coupled with early remodeling, gave the 
new bone spanning the defects a more uniform appear- 
ance than that seen at 14 days. Both implanted control 
defects (i.e., BCP alone and ZCI alone) showed osteo- 
genic activity characteristic of the patterns observed in 
previous studies. Non-implanted controls showed only 
slight bone growth at the cut edges of the defects. 

By varying the relative amounts of purified atelopep- 
tide reconstituted fibrillar collagen, which forms a resil- 
ient, gel-like suspension, and of bone collagen powder, 
which offers compressive strength, implants are formed 
which offer versatility and effectiveness in providing an 
appropriate matrix for bone repair by conduction. 

We claim: 

1. A method of effecting conductive repair of a bone 
defect in a mammal, which method comprises: 

(a) exposing fresh bone surface comprising living 
osteoprogenitor cells to the defect; 

(b) placing into the defect and into contact with the 
fresh bone surface a preparation of collagen se- 
lected from the group consisting of: 
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(1) a composition consisting essentially of Type I 
collagen derived from demineralized, protease- 
treated, delipidized bone; 

(2) a lyophilized gel of purified atelopeptide recon- 
stituted fibrillar skin collagen; and 

(3) mixtures of (1) and purified atelopeptide recon- 
stituted fibrillar skin collagen. 

2. The method of claim 1 wherein the preparation of 
collagen in (2) is prepared from calf skin. 

3. Hie method of claim 1 wherein the preparation of 
collagen in (2) is in the form of a mat or sheet. 

4. The method of claim 1 wherein the preparation of 
collagen in (2) is substantially free of cross-linking. 

5. A purified collagen preparation consisting essen- 
tially of Type I collagen derived from demineralized, 
protease-treated, delipidized bone. 

6. A process for preparing bone collagen powder, 
which bone collagen powder is a composition consist- 20 
ing essentially of Type I collagen derived from demin- 


10 


15 


eralized, protease-treated, delipidized bone, which pro- 
cess comprises: 

(a) treating demineralized bone powder with at least 
one protease selected from trypsin and pepsin to 
obtain soluble products and a collagen-containing 
residue; 

(b) extracting the soluble products, 

(c) recovering the residue, and 

(d) extracting the residue with a solvent to obtain a 
delipidized form of the residue as bone collagen 
powder. 

7. Bone collagen powder prepared by the process of 
claim 6. 

8. The process of claim 6 which further includes 
enzymatically treating the demineralized bone to re- 
move non-proteinaceous bone components. 

9. The method of claim 6 wherein the solvent is se- 
lected from acetone, chloroform, and ether. 

10. The method of claim 6 which includes the further 
step of sterilization of the bone collagen powder. 

* * * * * 
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OSTEOIMPLANT AND METHOD FOR ITS 
MANUFACTURE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to an osteoimplant for use in 
the repair, replacement and/or augmentation of various 
portions of animal or human skeletal systems and to a 
method for manufacturing the osteoimplant. More 
particularly, this invention relates to an osteoimplant made 
up of a solid aggregate of bone -derived elements that are 
bonded to each other through chemical linkages formed 
between their surface-exposed collagen. 

2. Description of the Related Art 

The use of autograft bone, allograft bone or xenograft 
bone is well known in both human and veterinary medicine. 
See Stevenson et ah, Clinical Orthopedics and Related 
Research, 323, pp. 66-74 (1996). In particular, transplanted 
bone is known to provide support, promote healing, fill bony 
cavities, separate bony elements such as vertebral bodies, 
promote fusion and stabilize the sites of fractures. More 
recently, processed bone has been developed into shapes for 
use in new surgical applications, or as new materials for 
implants that were historically made of non-biologically 
derived materials. 

U.S. Pal. No. 4,678,470 describes a non-layered bone 
grafting material produced from bone by a process which 
includes tanning with glutar aldehyde. The bone may be 
pulverized, used as a large block or machined into a precise 
shape. The tanning stabilizes the material and also renders it 
non-antigenic. The bone material may also be demineral- 
ized. 

Collagen is a naturally occurring structural biomaterial 
and is a component of connective tissues, including bone, in 
all vertebrate species. Native collagen is a glycine-rich chain 
of amino acids arranged in a triple helix and can be 
crosslinked by a variety of procedures. 

Tissue transglutaminase is described as being effective at 
increasing adhesive strength at a cartilage-cartilage inter- 
face. See Jurgensen, K., et al., The Journal of Bone and Joint 
Surgery, 79-A(2), 185-193 (1997). 

U.S. Pat. No. 5,507,813 describes a surgically implantable 
sheet formed from elongate bone particles, optionally 
demincralized, containing biocompatible ingredients, 
adhesives, fillers, plasticizers etc. 

U.S. Pat. No. 4,932,973 discloses an artificial organic 
bone matrix with holes or perforations extending into the 
organic bone matrix. The holes or perforations are indicated 
to be centers of cartilage and bone induction following 
implantation of the bone matrix. 

U.S. Pat. No, 4^94,370 discloses a one-piece sponge-like 
bone graft material fabricated from fully demincralized bone 
powder or micro particulate bone, and reconstituted col- 
lagen. The sponge-like graft is optionally crosslinked with 
glutaraldebyde. 

Another one-piece porous implant is described in U.S. 
Pat. No. 5,683,459. The implant is made up of a biodegrad- 
able polymeric macrostructure, which is structured as an 
interconnecting open cell meshwork, and a biodegradable 
polymeric microstructure composed of chemotactic ground 
substances such as hyaluronic acid. 

SUMMARY OF THE INVENTION 

The present invention provides an osteoimplant which, 
due to chemical linkages formed between the surface- 
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exposed collagen of adjacent partially demineralized bone 
elements from which the osteoimplant is manufactured, 
exhibits good mechanical strength, is biocompatible and, in 
a preferred embodiment, through its bone healing activity 

5 and ability to contain bone-growth inducing substances, can 
promote and/or accelerate new bone growth. 

It is therefore an object of the present invention to provide 
an osteoimplant made up of a solid aggregate of bone- 
derived elements, adjacent bone-derived elements being 

10 bonded to each other through chemical linkages between 
their surface-exposed collagen, and which possesses good 
mechanical strength and biocompatibility. 

It is another object of this invention to provide an 
osteoimplant which can optionally include another compo- 

15 nent such as a reinforcing particle or fiber, fillers, bone- 
growth inducing substances such as medically/surgically 
useful substances, and combinations thereof. 

It is another object of the invention to provide an osteoim- 

2Q plant possessing a network of pores, perforations, apertures, 
channels or spaces which permits and encourages penetra- 
tion by endogenous and exogenous bone healing materials 
and blood supply, and simultaneously provides a means for 
incorporating one or more bone healing substances. 

w It is yet a further object of the present invention to provide 
an osteoimplant which can be fashioned into a variety of 
shapes and sizes which are not limited by constraints 
imposed by the size and/or types of donor bone which are 
available for construction of the osteoimplant. 

30 It is also an object of the invention to provide a method 
of manufacturing which will provide a strong, biocompat- 
ible osteoimplant of any size and/or shape for implantation. 

In keeping with these and other objects of the invention, 
there is provided an osteoimplant which comprises a solid 

35 aggregate of bone-derived elements with adjacent bone- 
derived elements being bonded to each other through chemi- 
cal linkages between their surface-exposed collagen. 

Further in keeping with the invention, there is provided a 
method for the manufacture of an osteoimplant which com- 

40 prises providing a quantity of bone-derived elements pre- 
senting surface-exposed collagen and forming chemical 
linkages between the surface-exposed collagen to bond the 
elements into a solid aggregate. 
The osteoimplant of the present invention possesses a 

45 significant advantage over the prior art in its ability to be 
biocompatible, non-antigenic and to provide good mechani- 
cal strength. 

Another important advantage of the osteoimplant herein 
over prior art implants lies in its ability to function as a 
50 carrier for, and effectively diffuse, one or more bone-growth 
inducing substances that promote new bone growth and/or 
accelerate healing. 
The term "osteogenic" as used herein shall be understood 
55 to refer to the ability of a substance to induce new bone 
formation via the participation of living cells from within the 
substance. 

The term "osteoconductive" as used herein shall be under- 
stood to refer to the ability of a substance or material to 
60 provide biologically inert surfaces which are receptive to the 
growth of new host bone. 

The term "osteoinductive" as used herein shall be under- 
stood to refer lo the ability of a substance to recruit cells 
from the host which have the potential for repairing bone 
55 tissue. 

Use of the expression "bone-derived elements" shall be 
understood to refer to pieces of bone in any variety of sizes, 
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31, pp365-372 (1996), also incorporated herein by refer- 
ence. The sources for the bone-derived elements herein 
include cortical and cancellous bone and are preferably 
allogenic but also include xenogenic sources such as bovine 
and porcine bone. 

When prepared from bone-derived elements that are only 
superficially demineralized, the osteoimplant herein will 
tend to possess a fairly high compression strength, e.g., one 

- . w . ... , t . _f e.u w approaching that of natural bone. Accordingly, when an 

or superficial (in which case on y the surfaces of the bone- FF . . » . , „. . ... 

j . , | . * ii \ n j ■ l io osteoimplant exhibiting relatively high compression 

derived elements present exposed collagen). Partial or 10 , • j ■ j .u j * f u . m * 

- . , . ■ ,• j u a - a \ strength is desired, e.g., on the order of from about 10 to 

superficial demmerahzation produces bone-denved ele- « ^ ^ from about 2Q tQ ^ m 

ments having a surface bindmg reg.on, namely, exposed to employ bone-derived elements which 

collagen while retaining a strengthening region, namely, the ^ J ^ mineral 

unaffected mineralized region of the bone-denved elements. 4 . . . . , . ^ ■ „ 

6 15 stated another way, which have only been superficially 

demineralized. 

Id addition to containing bone-derived elements, the 

osteoimplant of this invention can optionally possess one or 

more other components such as reinforcing particles, fibers, 

FIG, 1 is a cross-sectional view of bone from the diaphy- 20 fillers, bone-growth inducing substances, adhesives, 

seal region which has been sliced longitudinally into several plasticizers, flexibilizing agents, hydration facilitating 

cortical bone sheets; agents, biostatic/biocidal agents, substances imparting 

FIG. 2 is an enlarged perspective view of an osteoimplant radiopacity, metallic meshes and the like. Examples of 

of the invention possessing sheets of partially demineralized reinforcing particles include fully mineralized cortical and 

bone at their surface and an interior made up of mineralized 25 cancellous bone, and partially demineralized cortical and 


thicknesses and configurations including particles, fibers, 
strips, thin to thick sheets, etc., which can be obtained by 
milling, slicing, cutting or machining whole bone. 

The expression "surface-exposed collagen" shall be 
understood to refer to the result obtained by demincralizing 
the aforementioned bone-derived elements, the de mineral- 
ization ranging from substantially complete (in which case 
the bone-derived elements are primarily collagen) to partial 
or superficial (in which case only the surfaces of the bone- 
derived elements present exposed collagen). Partial or 


BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments are described below with reference 
to the drawings wherein: 


or partially demineralized bone; 

FIG. 3 is a view of a human femur showing an osteoim- 
plant of the invention, as shown in FIG. 3A, fashioned as a 
femoral bone replacement; 

FIG. 4 is a partial view of the human vertebral column 
showing a disc-shaped osteoimplant of the invention 
installed at an intervertebral site; 

FIGS. 5 and 5A are views of a human skull showing an 


cancellous bone in any form, including particles, sheets and 
shaped bone pieces; graphite or pyrolytic carbon. Examples 
of fillers include mineral material such as hydroxyapatite, 
tricalcium phosphate and other calcium salts, bone powder, 
30 fully mineralized and partially or fully demineralized corti- 
cal and cancellous bone in any form, including particles such 
as demineralized bone powder (or "demineralized bone 
matrix" as it may also be called) sheets and shaped bone 
pieces, graphite or pyrolytic carbon, bioglass or other bio- 
osteoimplant of the invention fashioned as a parietal bone 35 ceramic or natural or synthetic polymers, e.g., bioabsorbable 
replacement; polymers such as polyglycolide, polylactide, glycolide- 

FIG. 6 is an enlarged perspective view of an osteoimplant lactide copolymer, and the like, and nonbioabsorbable mate- 
of the invention possessing alternating layers of bone sheets rials such as starches, polymethyl methacrylate, 
and cubes with channels between the cubes. polytetrafluoroethylene, polyurethane, polyethylene and 

FIG. 7 is a partial view of the human vertebral column *» n y lon - Suitable plasticizers, flexibilizing agents and hydra- 
showing installation of the osteoimplant of FIG. 6 at a u ° n facilitating agents, include liquid polyhydroxy com- 
posterolateral intertransverse process fusion site; P™nds such as glycerol, monacetin, diacetin, and mixtures 

cir- o ^',„„' i ,,„^;,ti ni ,™, M ui«,» ren f thereof. Suitable biostatic/biocidal agents include 

FIG. 8 is a perspective view depicting separated layers oi ... . ., . . t ° , ,. 

. • ..r.u- . ■ ■ 7 antibiotics, povidone, sugars, and mixtures thereof; suitable 

an osteoimplant of the invention; and, , . , . ...... 

r 45 surface agents include the biocompatible noniomc, cationic, 

anionic and amphoteric surfactants, and mixtures thereof. 

The osteoimplant can also possess bone-growth inducing 

substances which include any of a variety of medically 

and/or surgically useful substances which are described 

50 below. 

The osteoimplant can possess one or more cavities which, 
if desired, can communicate with the surface of the implant 
through pores, apertures, perforations or channels provided 
for this purpose and ranging in average diameter from a few 
linkages between their surface-exposed collagen molecules 55 microns to several millimeters. Such cavities and their 
thus bonding adjacent bone elements to each other. In order associated pores, apertures, perforations, and channels can 
to expose the collagen located on the outer surface of bone, be partially or completely filled with one or more medically/ 
the bone elements must be at least partially demineralized. surgically useful substances which promote or accelerate 
Demineralization methods remove the mineral component new bone growth or bone healing due, e.g., to some 
of bone employing acid solutions. Such methods as used by 60 osteogenic, osteoinductive and/or osteoconductive effect, 
the present invention are well known in the art, see for Useful substances of this kind which can be incorporated 
example, Reddi et al., Proc. Nat. Acad. ScL 69, into the osteoimplant of this invention include, e.g., 
ppl601-l605 (1972), incorporated herein by reference. The collagen, insoluble collagen derivatives, etc., and soluble 
strength of the acid solution, the shape of the bone and the solids and/or liquids dissolved therein, e.g., antiviral agents, 
duration of the demineralization treatment will determine 65 particularly those effective against HIV and hepatitis; anti- 
the extent of demineralization. Reference in this regard may microbials and/or antibiotics such as erythromycin, 
be made to Lewandrowski et al., J. Biomed Materials Res, bacitracin, neomycin, penicillin, polymyxin B, tetracyclines, 


FIG. 8Adepicts an osteoimplant of the invention possess- 
ing layers of bone sheets bonded together via chemical 
bonds formed by catalysis with tissue transglutaminase, as 
showD in FIG. 8. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The osteoimplant of the present invention comprises a 
solid aggregate of bone-derived elements having chemical 
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viomycin, Chloromycetin and streptomycins, cefazolin, The osteoimptant herein is intended to be applied at a 

ampicillin, azactam, tobramycin, clindamycin and bone defect site, e.g., one resulting from injury, defect 

gentamicin, etc.; biocidal/biostatic sugars such as dextrose, brought about during the course of surgery, infection, malig- 

ghicose, etc.; amino acids, peptides, vitamins, inorganic nancy or developmental malformation. The osteoimplant, 

elements, co-factors for protein synthesis; hormones; endo- 5 suitably sized and shaped as required, can be utilized as a 

crine tissue or tissue fragments; synthesizers; enzymes such graft or replacement in a wide variety of orthopaedic, 

as collagenase, peptidases, oxidases, etc.; polymer cell scaf- neurosurgical and oral and maxillofacial surgical procedures 

folds with parenchymal cells; angiogenic drugs and poly- such as the repair of simple and compound fractures and 

meric carriers containing such drugs; collagen lattices; anti- non-unions, external and internal fixations, joint reconstruc- 

genic agents; cytoskeletal agents; cartilage fragments, living 10 n'ons such as arthrodesis, general arthroplasty, cup arthro- 

cells such as chondrocytes, bone marrow cells, mesenchy- P^sty of the hip, femoral and humeral head replacement, 

mal stem cells, natural extracts, tissue transplants, bone, femoral head surface replacement and total joint 

demoralized bone, autogenous tissues such as blood, replacement repairs of the vertebral column including spi- 

semm, soft tissue, bone marrow, etc.; bioadhesives, bone ^ ^ and t fixab , on ' "»or «ugery, e.g., deficit 

morphogenic proteins (BMPs), transforming growth factor 1S fillm «' <*«ctomy, laminectomy, excision of spinal cord 

ujui^uugcui p v h 6 6 15 tumors, antenor cervical and thoracic operations, repair of 

(TGF-beta), insulin-like growth factor (1GF-1); growth hor- ^ ^ ^ 

mones such as somatotropin; bone digesters; antitumor ^^1^ fixation of fractures, mentoplasty, temporo- 
agents; immunosuppressants; angiogenic agents such as mandib ular joint replacement, alveolar ridge augmentation 
basic fibroblast growth factor (bFGF); permeation aod reconstru ction, onlay bone grafts, implant placement 
enhancers, e.g., fatty acid esters such as laureate, myristate 20 and rev i s j on> s i nus lifts, etc. Specific bones which can be 
and stearate monoesters of polyethylene glycol, enamine repaired or replaced with the osteoimplant herein include the 
derivatives, alpha-keto aldehydes, etc.; and, nucleic acids. ethmoid, frontal, nasal, occipital, parietal, temporal, 
These and similar medically/surgically useful substances mandible, maxilla, zygomatic, cervical vertebra, thoracic 
can be incorporated into the osteoimplant of this invention vertebra, lumbar vertebra, sacrum, rib, sternum, clavicle, 
or any of its constituent bone-derived elements or other 2 $ scapula, humerus, radius, ulna, carpal bones, metacarpal 
components during any stage of the assembly of the implant. bones, phalanges, ilium, ischium, pubis, femur, tibia, fibula, 
Suitable methods of incorporation include coating, immer- patella, calcaneus, tarsal, and metatarsal bones, 
sion saturation, packing, etc. The amounts of medically/ The method of manufacturing the osteoimplant of the 
surgically useful substances utilized can vary widely with present invention comprises providing a quantity of bone- 
optimum levels being readily determined in a specific case 30 derived elements initially presenting surface-exposed col- 
by routine experimentation. lagen and subsequently forming chemical linkages between 

Osteoimplants of any desirable size and/or configuration . the surface -exposed collagen of adjacent bone-derived ele- 

can be provided, e.g., by machining or other mechanical ments to bond the elements into a solid aggregate. These 

shaping operations such as press-molding. Computerized chemical linkages can be formed employing a variety of 

modeling of a specific implant followed by computerized 35 known methods including chemical reaction, the application 

control of the shaping of the implant can be used to provide of energy such as radiant energy, which includes irradiation 

an intricately shaped osteoimplant which is custom-fitted to by UV light or microwave energy, drying and/or healing and 

the intended site of application with great precision. dye-mediated"photo-oxidation; dehydrothermal treatment in 

Where the invention comprises aggregates of elongate w "ich water is slowly removed while the bone tissue is 

bone-derived elements which, in appearance can be 40 subjected to a vacuum; and, enzymatic treatment to form 

described as filaments, fibers, threads, slender or narrow chemical linkages at any collagen-collagen interface. The 

strips, etc., an osteoimplant can be formed from these . preferred method of forming chemical linkages is by chemi- 

elements by a variety of methods. For example, forming a Cfl t reaction. 

solution or slurry in a suitable medium which can comprise Chemical crosslinking agents include those that contain 

the crosslinking agent, and any proportion of the elongate 45 Afunctional or multifunctional reactive groups, and which 

bone-derived elements being partially or fully react with functional groups oh amino acids such as epsilon- 

demineralized, and fully mineralized. This solution can be amine functional group of lysine or hydroxy-lysine, or the 

formed into an osteoimplant of any shape according to the carboxyl functional groups of aspartic and glutamic acids, 

configuration of a mold into which it is poured. The mold is By reacting with multiple functional groups on the same or 

preferably shaped as a bone or section thereof, or as an 50 different collagen molecules, the reacting chemical 

implant for grafting. Once contained in a mold, the solution crosslinking agent forms a reinforcing cross-bridge, 

of bone-derived elements can be solidified into a solid Suitable chemical crosslinking agents include: mono- and 

osteoimplant by known techniques. dialdehydes, including glutaraldehyde and formaldehyde; 

It is within the scope of the invention to supplement or polyepoxy compounds such as glycerol polyglycidyl ethers, 
increase the shape-relaining and/or mechanical strength 55 polyethylene glycol diglycidyl ethers and other polyepoxy 
characteristics of the osteoimplant, e.g., by the addition of and diepoxy glycidyl ethers; tanning agents including poly- 
mechanical fasteners such as pins, screws, dowels, etc., valent metallic oxides such as titanium dioxide, chromium 
which can be fabricated from natural or synthetic materials dioxide, aluminum dioxide, zirconium salt, as well as 
and bioabsorbable as well as nonbioabsorbale materials, by organic tannins and other phenolic oxides derived from 
the use of laser tissue welding or ultrasonic bonding, and so 60 plants; chemicals for esterification of carboxyl groups fol- 
forth. In those embodiments of the osteoimplant which are lowed by reaction with hydrazide to form activated acyl 
assembled from relatively large bone-derived elements such azide functionalities in the collagen; dicyclohexyl carbodi- 
as sheets, such elements can be provided with mechanically imide and its derivatives as well as other heterobi functional 
interengaging features, e.g., tongue- and -groove or mortise- crosslinking agents; hexamethylene diisocyanale; sugars, 
and-tenon features, which facilitate their assembly into the 65 including glucose, will also crosslink collagen, 
final product and/or to fix the elements to each other in a Glutaraldehyde crossl inked biomaterials have a tendency 
more secured fashion. to over-calcify in the body. In this situation, should it be 
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deemed necessary, calcification-controlling agents can be otherwise formed into any other desired shape or dimension 

used with aldehyde crosslinking agents. These calcification- for implantation into a body. Thus, as shown in FIG. 3A, a 

controlling agents include: dimethyl sulfoxide (DMSO), substantially cylindrically shaped osteoimplant 30 can be 

surfactants, dip hospho nates, aminooleic acid, and metallic made for use as a long bone segment replacement 31 for a 

ions, for example ions of iron and aluminum. The concen- 5 femur 32 of FIG. 3. To form a cylinder, a substantially 

trations of these calcification-controlling agents can be square or rectangular osteoimplant can be shaped on a lathe 

determined by routine experimentation by those skilled in to the required diameter. A cavity can be formed by remov- 

the art. ing bone material with, for example, a drill, or, alternatively, 

Chemical crosslinking involves exposing the bone- a cavity can be formed by assembling appropriately config- 

derivcd elements presenting surface-exposed collageo to the 10 u red layers of bone-derived elements, 

chemical crosslinking agent, either by placing the elements As shown in FIG. 4, the disc-shaped osteoimplant 40 is 

in a solution of the chemical crosslinking agent, or by shown inserted at the intervertebral fibrocartilage site 41 on 

exposing them to the vapors of the chemical crosslinking the anterior side of vertebral column 42. 

agent under conditions appropriate for the particular type of In FIG. 5, parietal osteoimplant 50 is sized and shaped to 

crosslinking reaction. Such conditions include: an appropri- 15 form part of the parietal bone for skull 51 in FIG. 5A. 

ate pH and temperature, and for times ranging from minutes i n piG. 6, osteoimplant 60 is built up from bone-derived 

to days, depending upon the level of crosslinking desired, sneet sections 61 of surface demoralized cortical bone, and 

and the activity of the chemical crosslinking agent. The from bone-derived cube sections 62 of surface demineral- 

osteoimplant is then washed to remove all Ieachable traces cancellous bone of uniform, square cross section. These 

of the chemical. 20 sheet and cube constituents are arranged in alternating layers 

When enzymatic treatment is employed, useful enzymes as shown. After assembly, the structure is subjected to 

include those known in the art which are capable of cata- treatment for crosslinking. Because of the open structure of 

lyzicg crosslinking reactions on proteins or peptides, pref- osteoimplant 60 resulting from the pattern of channels 63, 

erably collagen molecules, e.g., transglutaminase as the osteoimplant permits vascular penetration or host bone 

described in Jurgensen et al., The Journal of Bone and Joint 25 ingrowth therein and/or diffusion of one or more medically/ 

Surgery, 79-A(2), 185-193 (1997), herein incorporated by surgical useful substances therefrom. Osteoimplant 60 is 

reference. shown installed as a spinal onlay graft attached via insertion 

Formation of chemical linkages can also be accomplished of the transverse processes 71 into channels 63, for poste- 

by the application of energy. One way to form chemical 3Q rolateral intertransverse process fusion on vertebral column 

linkages by application of energy is to use methods known 70 of FIG. 7. 

to form highly reactive oxygen ions generated from atmo- In FIG. 8A, osteoimplant 80 comprises bone-derived 

spheric gas, which in turn, promote oxygen crosslinks sheets 81 having a fully or partially demineralized outer 

between surface-exposed collagen. Such methods include surface. As shown in FIG. 8, a bone-derived sheet has one 

using energy in the form of ultraviolet light, microwave 3J side coated with tissue transglutaminase 83 and, the mating 

energy and the like. Another method utilizing the application surface of the adjacent sheet is coated with CaCl 2 82 

of energy is a process known as dye-mediated photo- solution. As osteoimplant 80 is assembled, contact between 

oxidation in which a chemical dye under the action of visible the two complimentary sides of bone-derived sheets results 

light is used to crosslink surface-exposed collagen. in tissue transglutaminase 83 catalyzing collagen crosslink- 

Another method for the formation of chemical linkages is AQ tog at the interface of adjacent bone-derived sheets 81. 

by dehydrothermal treatment which uses combined heat and The following examples are further illustrations of the 

the slow removal of water, preferably under vacuum, to osteoimplant of this invention, 
achieve crosslinking of the bone-derived elements. The 

process involves chemically combining a hydroxy group EXAMPLE 1 

from a functional group of one collagen molecule and a 45 A cortical section of bone from the diaphyseal region was 

hydrogen ion from a functional group of another collagen cu t in the longitudinal direction while continuously wetted 

molecule reacting to form water which is then removed with water into approximately 1.5 mm thick sheets using a 

resulting in the formation of a bond between the collagen diamond-bladed saw. The cortical bone-derived sheets were 

molecules. then frozen to -70C and freeze-dried for 48 hours, and 

Referring to the drawings, as shown in FIG. 1, the cortical 50 subsequently, were placed into excess 0.6N HC1 solution for 

portion of bone 10 taken from the diaphyseal region is cut 1.5 hours with constant stirring, washed in water for 5 

into cortical bone sheets 11 of varying width by slicing the minutes, and soaked for 1.5 hours in BupH phosphate 

bone longitudinally. If desired, cortical bone sheets 11 can be buffered saline. The bone-derived sheets were assembled 

further cut to uniform size and shape, as in bone-derived into a layered structure and held with a clamp. The clamped 

sheets 21 of the osteoimplant 20 shown in FIG. 2. 55 structure was then placed into a solution of 10% neutral, 

FIG. 2 illustrates an osteoimplant 20 comprising cortical buffered formalin for 48 hours to crosslink the exposed 

bone-derived sheets 21 having a fully or partially deminer- collagen surfaces. After _ crosslinking, the clamp was 

alized outer surface with surface-exposed collagen, and a removed, and the structure was placed in a container and 

nondemineralized or partially demineralized core 22. allowed to rinse under running water for several hours. The 

Alternatively, one or more bone-derived sheets can be made 60 osteoimplant was cut to shape on a band saw, and then 

from substantially completely demineralized bone. Also, placed in an excess aqueous solution of glycerol. After seven 

another component such as demineralized bone powder can hours, the excess solution was removed, and the osteoim- 

be coated on the bone-derived sheets. The entire structure plant was freeze-dried. 
has crosslinked collagen on adjacent bone-derived sheets to 

provide increased adhesion between them. The total thick- 65 

nessof the osteoimplant will ordinarily be at least about 2 to Elongate bone-derived fibers were milled from cortical 

about 20 mm. Osteoimplant 20 can be cut, machined, and/or bone, and were fully demineralized in excess 0.6N HC1 


EXAMPLE 2 
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solution. These fibers were washed with water, and soaked 
in an aqueous solution of glycerol. Additionally, fully min- 
eralized bone-derived fibers were added to the solution 
which was stirred and left for 12 hours at room temperature. 
The solution containing the soaked mineralized and dem- 
ineralized bone-derived fibers were poured through a 106 
micron sieve to recover the fibers. The mixture of mineral- 
ized and demineralized fibers was placed in a cylindrical die, 
and pressure-treated to 10,000-50,000 psi in a press for 15 
minutes, and were then heated for 2 to 12 hours at 37-55 
degrees C. The resulting osteoimplant pellet was freeze- 
dried, and placed in polyethylene glycol diglycidyl ether for 
12 hours at room temperature. 

EXAMPLE 3 

Bone-derived sheets derived from human cortical bone, 
approximately 1 mm thick by 7 mm wide by 50 mm long, 
were treated for 10 minutes in 0.6N HC1 to expose surface 
collagen. Bone-derived cubes derived from human cancel- 
lous bone, 10 mmxlO mm, were treated to expose surface 
collagen at the outer borders of the cubes. All bone-derived 
sheets and cubes were washed in water. The pieces were 
assembled together with bone-derived sheets bordering the 
cubes, and clamped into place. The construct was then 
placed into a solution of 10% neutral buffered formalin for 
3 hours to crosslink the surface-exposed collagen. The 
resulting osteoimplant was then washed in water, and cut to 
size on a band saw. See FIG. 6. 

EXAMPLE 4 

Human cortical bone-derived sheets approximately 1 mm 
thick were surface demineralized for 15 minutes in 0.6N 
HC1, then washed in running water. Tissue transglutaminase 
was reconstituted to give a 1 mg/ml solution. For each 
demineralized bone-derived sheet in the construct, the sur- 
face was blotted dry, then 40 ^l/cm 2 area of the tissue 
transglutaminase was applied to one side and an equivalent 
volume of 0.1 M CaCl 2 solution was applied to the mating 
surface of the next demineralized bone-derived sheet. This 
was repeated sequentially. The resulting osteoimplant was 
clamped and placed into a humidity chamber to promote 
crosslinking for approximately 30 minutes, then washed in 
water. 

EXAMPLE 5 

Cortical bone-derived sheets, approximately 2 mm thick, 
were surface demineralized in 0.6N HQ solution for 1 hour 
with constant stirring. The bone-derived sheets were then 
coated with dry, demineralized bone powder having a par- 
ticle size of 300 microns or less, and assembled into layers. 
The construct was clamped into place, and placed into a 
solution of 10% neutral buffered formalin for 12 hours to 
permit collagen crosslinking. The resulting osteoimplant 
was washed in water to remove excess chemicals. 

What is claimed is: 

1. An osteoimplant which comprises a solid aggregate of 
bone-derived elements, adjacent bone-derived elements 
being bonded to each other through chemical linkages 
between their surface-exposed collagen, wherein the chemi- 
cal linkages are formed by exposing the bone-derived ele- 
ments to a chemical crosslinking agent, wherein the bone- 
derived elements are sheets obtained by longitudinally 
slicing the diaphyseal region of whole cortical bone, and 
wherein at least one of the sheets possesses a fully or 
partially demineralized outer surface and a nondemineral- 
ized or partially demineralized core. 
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2. An osteoimplant which comprises a solid aggregate of 
bone-derived elements, adjacent bone-derived elements 
being bonded to each other through chemical linkages 
between their surface -exposed collagen, wherein the chemi- 

5 cal linkages are formed by application of energy, wherein 
the bone-derived elements are sheets obtained by longitu- 
dinally slicing the diaphyseal region of whole cortical bone, 
and wherein at least one of the sheets possesses a fully or 
partially demineralized outer surface and a nondemineral- 
ized or partially demineralized core. 

3, A osteoimplant which comprises a solid aggregate of 
bone-derived elements, adjacent bone-derived elements 
being bonded to each other through chemical linkages 
between their surface-exposed collagen, wherein the chemi- 
cal linkages are formed by dehydrothermal treatment, 

15 wherein the bone-derived elements are sheets obtained by 
longitudinally slicing the diaphyseal region of whole cortical 
bone, and wherein at least one of the sheets possesses a fully 
or partially demineralized outer surface and a nondeminer- 
alized or partially demineralized core. 

20 4. A osteoimplant which comprises a solid aggregate of 
bone-derived elements, adjacent bone-derived elements 
being bonded to each other though chemical linkages 
between their surface-exposed collagen wherein the chemi- 
cal linkages are formed by enzymatic treatment, wherein the 

25 bone-derived elements are sheets obtained by longitudinally 
slicing the diaphyseal region of whole cortical bone, and 
wherein at least one of the sheets possesses a fully or 
partially demineralized outer surface and a nondemineral- 
ized or partially demineralized core. 

30 5. The osteoimplant of claim 1 wherein the chemical 
crosslinking agent is selected from the group consisting of 
monoaldehydes, dialdehydes, polyepoxy compounds, poly- 
valent metallic oxides, organic tannins, phenolic oxides 
derived from plants, hydrazide, dicyclohexyl carbodiimide, 

35 hexamethylene diisocyanate, sugars and enzymes. 

6. The osteoimplant of claim 1 wherein the bone-derived 
elements are exposed to the chemical crosslinking agent by 
placing the bone-derived elements in a solution of chemical 
crosslinking agent. 

40 7. The osteoimplant of claim 1 wherein the bone-derived 
elements are exposed to the chemical crosslinking agent by 
exposing the bone-derived elements to vapors of the chemi- 
cal crosslinking agent. 

8. The osteoimplant of claim 1 wherein the chemical 
45 crosslinking agent is a polyepoxy compound. 

9. The osteoimplant of claim 1 wherein the chemical 
crosslinking agent is a monoaldehyde or dialdehyde. 

10. The osteoimplant of claim 1 wherein the chemical 
crosslinking agent is formalin. 

50 11. The osteoimplant of claim 1 wherein the chemical 
crosslinking agent is polyethylene glycol diglycidyl ether. 

12. The osteoimplant of claim 1 wherein the bone-derived 
elements are superficially demineralized. 

13. The osteoimplant of claim 1 further comprising at 
55 least one other component. 

14. The osteoimplant of claim 13 wherein the component 
is selected from the group consisting of reinforcing particles, 
reinforcing fibers, fillers, bone-growth inducing substances, 
growth factors, fully mineralized bone, adhesives, 

60 plasticizers, flexibilizing agents, cellular material, genetic 
material, calcification-controlling agents, hydration facilitat- 
ing agents, biostatic agents, biocidal agents, polymers, inor- 
ganic compounds, substances imparting radiopacity and 
metallic meshes. 

65 15. The osteoimplant of claim 1 wherein the solid aggre- 
gate of bone -derived elements possesses a compression 
strength of from about 10 to about 200 MPa. 
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16. The osteoimplani of claim 1 wherein the solid aggre- 
gate of bone-derived elements possesses a compression 
strength of from about 20 to about 200 MPa. 

17. The osteoimplant of claim 1 wherein each sheet is 
approximately 1.5 mm thick. 

18. The osteoimplani of claim 1 wherein the sheets are 
assembled into a layered structure prior to exposing the 
sheets to a chemical crosslinking agent. 

19. The osteoimplant of claim 1 wherein at least one of the 
sheets is fully demineralized. 

20. The osteoimplant of claim 1 wherein at least one of the 
sheets is coated with demineralized bone powder. 

21. The osteoimplant of claim 18 possessing a total 
thickness of from about 2 to about 20 mm. 

22. The osteoimplant of claim 1 configured and dimen- 
sioned as a square or rectangle. 

23. The osteoimplant of claim 1 configured and dimen- 
sioned as a cylinder. 

24. The osteoimplant of claim 1 wherein the solid aggre- 
gate of bone-derived elements possesses a network of pores, 
perforations, apertures, channels, or spaces. 

23. The osteoimplant of claim 24 wherein the pores, 
perforations, apertures, channels or spaces have incorpo- 
rated therein one or more bone growth inducing or bone 
healing substances. 

26. The osteoimplant of claim 2 wherein the energy is 
heat. 

27. The osteoimplant of claim 2 wherein the energy is 
radiant energy. 

28. The osteoimplant of claim 2 wherein the energy is 
ultraviolet light or microwave energy. 

29. The osteoimplant of claim 2 wherein the application 
of energy comprises dye-mediated photo-oxidation. 

30. The osteoimplant of claim 2 wherein the bone-derived 
elements are superficially demineralized. 

31. The osteoimplant of claim 2 further comprising at 
least one other component. 

32. The osteoimplant of claim 31 wherein the component 
is selected from the group consisting of reinforcing particles, 
reinforcing fibers, fillers, bone-growth inducing substances, 
growth factors, fully mineralized bone, adhesives, 
plasticizers, flexibilizing; agents, cellular material, genetic 
material, calcification-controlling agents, hydration facilitat- 
ing agents, biostatic agents, biocidal agents, polymers, inor- 
ganic compounds, substances imparting radiopacity and 
metallic meshes. 

33. The osteoimplant of claim 2 wherein the solid aggre- 
gate of bone-derived elements possesses a compression 
strength of from about 10 to about 200 MPa. 

34. The osteoimplant of claim 2 wherein the solid aggre- 
gate of bone-derived elements possesses a compression 
strength of from about 20 to about 200 MPa. 

35. The osteoimplant of claim 2 wherein each sheet is 
approximately 1.5 mm thick. 

36. The osteoimplani of claim 2 wherein the sheets are 
assembled into a layered structure prior to applying energy 
to the sheets. 

37. The osteoimplant of claim 2 wherein at least one of the 
sheets is fully demineralized. 

38. The osteoimplant of claim 2 wherein at least one of the 
sheets is coated with demineralized bone powder. 

39. The osteoimplant of claim 36 possessing a total 
thickness of from about 2 lo about 20 mm. 

40. The osteoimplani of claim 2 configured and dimen- 
sioned as a square or rectangle. 

41. The osteoimplani of claim 2 configured and dimen- 
sioned as a cylinder. 
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42. The osteoimplant of claim 2 wherein the solid aggre- 
gate of bone-derived elements possesses a network of pores, 
perforations, apertures, channels, or spaces. 

43. The osteoimplant of claim 42 wherein the pores, 
perforations, apertures, channels or spaces have incorpo- 
rated therein one or more bone growth inducing or bone 
healing substances. 

44. The osteoimplant of claim 3 wherein the bone-derived 
elements are superficially demineralized. 

45. The osteoimplant of claim 3 further comprising at 
least one other component. 

46. The osteoimplant of claim 3 wherein the component 
is selected from the group consisting of reinforcing particles, 
reinforcing fibers, fillers, bone -growth inducing substances, 
growth factors, fully mineralized bone, adhesives, 
plasticizers, flexibilizing agents, cellular material, genetic 
material, calcification-controlling agents, hydration facilitat- 
ing agents, biostatic agents, biocidal agents, polymers, inor- 
ganic compounds, substances imparting radiopacity and 
metallic meshes. 

47. The osteoimplant of claim 3 wherein the solid aggre- 
gate of bone-derived elements possesses a compression 
strength of from about 10 to about 200 MPa. 

48. The osteoimplant of claim 3 wherein the solid aggre- 
gate of bone-derived elements possesses a compression 
strength of from about 20 to about 200 MPa. 

49. The osteoimplant of claim 3 wherein each sheet is 
approximately 1.5 mm thick. 

50. The osteoimplant of claim 3 wherein the sheets are 
assembled into a layered structure prior to subjecting the 
sheets to dehydrothermal treatment. 

51. The osteoimplant of claim 3 wherein at least one of the 
sheets is fully demineralized. 

52. The osteoimplant of claim 3 wherein at least one of the 
sheets is coated with demineralized bone powder. 

53. The osteoimplant of claim 50 possessing a total 
thickness of from about 2 to about 20 mm. 

54. The osteoimplant of claim 3 configured and dimen- 
sioned as a square or rectangle. 

55. The osteoimplant of claim 3 configured and dimen- 
sioned as a cylinder. 

56. The osteoimplant of claim 3 wherein the solid aggre- 
gate of bone -derived elements possesses a network of pores, 
perforations, apertures, channels, or spaces. 

57. The osteoimplant of claim 56 wherein the pores, 
perforations, apertures, channels or spaces have incorpo- 
rated therein one or more bone growth inducing or bone 
healing substances. 

58. The osteoimplant of claim 4 wherein the enzymatic 
treatment comprises tissue transglutaminase. 

59. The osteoimplant of claim 4 wherein the bone-derived 
elements are superficially demineralized. 

60. The osteoimplant of claim 4 further comprising at 
least one other component. 

61. The osteoimplant of claim 60 wherein the component 
is selected from the group consisting of reinforcing particles, 
reinforcing fibers, fillers, bone-growth inducing substances, 
growth factors, filly mineralized bone, adhesives, 
plasticizers, flexibilizing agents, cellular material, genetic 
material, calcification-controlling agents, hydration facilitat- 
ing agents, biostatic agents, biocidal agents, polymers, inor- 
ganic compounds, substances imparting radiopacity and 
metallic meshes. 

62. The osteoimplant of claim 4 wherein the solid aggre- 
gate of bone-derived elements possesses a compression 
strength of from about 10 to about 200 MPa, 

63. The osteoimplant of claim 4 wherein the solid aggre- 
gate of bone-derived elements possesses a compression 
strength of from about 20 to about 200 MPa. 
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64. The osteoimplant of claim 4 wherein each sheet is 
approximately 1.5 mm thick. 

65. The osteoimplant of claim 4 wherein the sheets are 
assembled into a layered structure prior to subjecting the 
sheets to enzymatic treatment. 

66. The osteoimplant of claim 4 wherein at least one of the 
sheets is fully demineralized. 

67. The osteoimplant of claim 4 wherein at least one of the 
sheets is coated with demineralized bone powder. 

68. The osteoimplant of claim 65 possessing a total to ° ealin g substances, 
thickness of from about 2 to about 20 mm. 

69. The osteoimplant of claim 4 configured and dimen- 
sioned as a square or rectangle. 


70. The osteoimplant of claim 4 configured and dimen- 
sioned as a cylinder. 

71. The osteoimplant of claim 4 wherein the solid aggre- 
gate of bone-derived elements possesses a network of pores, 
perforations, apertures, channels, or spaces. 

72. The osteoimplant of claim 71 wherein the pores, 
perforations, apertures, channels or spaces have incorpo- 
rated therein one or more bone growth inducing or bone 
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